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Abstract. Europeanization of sub-Arctic environments by Norse communities in 
Greenland, from the early 11
th
 to mid 15
th
 centuries AD, varied spatially and temporally,
with pastoral agriculture and associated homefield management at the heart of this 
transformation. This process is poorly understood for the outer fjord areas of Norse 
Greenland, and from this locality we contribute a homefield soils and sediments-based 
analysis. Our findings identify a recipe effect – the partitioning of turf, domestic animal 
manure and domestic waste resources used to manage soil fertility, field irrigation channels 
and the effects of eroded material deposition in the homefield. These management practices 
increased soil macro-nutrient status relative to pre-settlement concentration in some areas 
of the homefield, whilst macro-nutrient concentrations in other areas of the homefield were 
allowed to decline. We suggest that where resources were limited, sustainable 
intensification could only be achieved in some areas of the homefield with others areas 
managed unsustainably.  
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1. Introduction 
 
Norse Greenland is providing new and important understandings of European settlement 
and its social and environmental outcomes in sub-Arctic landscapes. Implementation of 
European-style land resource management from the early part of the 11th century AD 
(landnám: Old Norse - ‘land-taking’) caused substantial landscape transformations in 
Greenland (Amorosi et al., 1997). Native woodland and scrub were cleared in order to 
extend areas of grassland pasture and create hayfields to maintain domestic livestock for 
status, milk and meat (Amorosi et al., 1998). Turves were stripped for building materials 
(Roussell, 1941; Ólafsson & Ágústsson, 2006), and peats were cut for fuel (Schofield et al. 
2008) resulting in a more open cultural landscape (Fredskild, 1988; Gauthier et al., 2010; 
Edwards et al. 2011). Culturally-driven landscape change was further accelerated by 
extensive grazing over already fragile land surfaces, resulting in widespread soil erosion 
(Jacobsen, 1987), although this interpretation has been disputed by Kuijpers & Mikkelsen 
(2009) who favour natural causes beginning at or around the turn of the first millennium 
AD.  
 
Long-term activities which sustained domestic livestock in these landscapes included 
development and management of the homefield, used to produce much of the fodder 
required to feed animals stalled in byres and pens over the winter period (Amorosi et al., 
1997). Manuring of these areas to sustain soil fertility is evident at Garðar/Igaliku in the 
Eastern Settlement (Buckland et al., 2008; 2009), and at Gården under Sandet (GUS) in the 
Western Settlement (Schweger, 1998; Ross & Zutter, 2007; Hebsgaard et al., 2009). The 
introduction of irrigation systems buffering against periods of drought induced by föhn 
winds (Adderley & Simpson, 2006), and recognised at Igaliku (Ingstad, 1966; Krogh, 
1967; Buckland et al., 2009; Panagiotakopulu & Buckland, 2012; Edwards & Schofield 
2013) and at Brattahlið/Qassiarsuk (Arneborg, 2005) further emphasises the importance of 
the homefield in fodder production and as part of the domestic livestock economy.  
 
From the 14th century AD onwards, pastoral agriculture appears to have become less 
viable as the primary means of Norse subsistence. This is at least in part due to climatic 
deterioration associated with the onset of the Little Ice Age (LIA; Berglund, 1986; Barlow 
et al., 1997; Matthews & Briffa, 2005) and land degradation (Jakobsen, 1991; Mainland, 
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2006). Dietary evidence (Arneborg et al., 1999, 2012) and midden stratigraphies (Simpson 
& Adderley, 2007) indicate shifts in emphasis towards maritime hunting (particularly of 
seals) during the later stages of settlement. The permanent abandonment of settlements 
accelerated in the late 14th century and into the 15th century as communities failed to 
anticipate and adapt to the conjunctures of falling temperatures, increased storminess, land 
degradation and isolation from emerging proto-world trade systems (Berglund, 1986; 
Jacobsen & Jakobsen, 1986; Jacobsen, 1987; McGovern, 1980; 2000; Edwards et al., 2011; 
Dugmore et al., 2012). 
 
Discussion of Norse-driven landscape change in both the Western and Eastern Settlements 
of Greenland has so far focused on settlements in the upper and middle reaches of fjord 
areas where farmsteads were concentrated. By contrast, there has been little attempt to 
understand landscape change in outer fjord areas of the Eastern Settlement (Norse 
settlement was absent from the outer fjord areas of the Western settlement). In areas 
towards the outer coast, the inter-relationships of an oceanic climate, dispersed settlement 
pattern, the possibility of Norse interaction with Inuit and the likely occurrence of harbour 
sites linking Greenland to Europe, points to a context that was distinctly different from that 
in other areas of Greenland (Golding et al., 2011). To address this imbalance we consider 
the coastal site of Sandhavn (Figure 1) in the Eastern Settlement, where a complex cultural 
landscape of Norse agricultural activity, structures associated with harbour-based trade and 
Inuit settlement are evident. Earlier research within this landscape (Golding et al., 2011) 
identified fossil anthropic soils, archaeological sediments and re-deposited (eroded) 
material within Norse homefield areas. Rising grass pollen influx also indicated 
intensification in hay production over the period ca. AD 1260-1350 despite climate 
deterioration. Within the setting of this site, the objectives for this paper are to establish the 
nature of soils inherited at settlement and from this evidence to identify homefield 
management practices that contributed to the observed intensification of hay production. In 
doing so, we offer prospective insight into the sustainability of historical European 
agricultural settlement in sub-Arctic environments.  
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2. Study area 
 
2.1 Archaeology 
 
Sandhavn (59
o59’N, 44o46’W) is located on the coast in the southern part of the Norse 
Eastern Settlement within a sheltered bay that extends north-northwest from the coast for 
1.5 km (Figure 2). The site features three clusters of Norse ruins identified as Ø221, Ø221a 
and Ø221b during archaeological surveys of the Eastern Settlement by the National 
Museums of Denmark and Greenland (Christiansen, 2002). The ruins of the main 
farmstead (Ø221) are distributed across gently sloping terrain stretching 500 m inland from 
the coast and on the northern edge of a homefield with upper and lower areas recognised 
through soil survey of Ap horizons (cf. Golding et al., 2011). The lower homefield area is 
visible in Figure 2, where soil surveys (ibid.) identified irrigation channels placed to divert 
water from the stream into the lower homefield. The remains of a Thule winter dwelling, 
Inuit structure 6 (Rauhaage et al., 2003) are found towards the western edge of the 
homefield. Ruin Ø221a (a single, isolated structure) is situated a few hundred metres along 
the coast adjacent to the warehouse cliff, interpreted as a docking point utilised by 
Norwegian and Icelandic cargo vessels for loading and unloading cargo (Mikkelsen et al., 
2001). It is thought that Ø221a functioned as a storage building for import-export goods 
associated with North Atlantic trade (Christiansen, 2002), although a shieling role (hay-
storage) has also been suggested for this building (Albrethsen, 1991). To the north-west, 
across the River Maakkarneq, lie the remains of two circular fold-type structures and 
several animal shelters (collectively group Ø221b) which are indicative of sheep rearing in 
the vicinity of the farm. 
 
2.2 Sandhavn homefield chronostratigraphies 
 
As first identified by Golding et al., (2011), soil and sediment stratigraphies within the 
homefield comprise four distinct units (Figures 3 and 4 and with profiles from beyond the 
homefield area serving as contrasting controls). An underlying buried podsol typically 
comprises a thin (~4 cm) organic sandy loam layer (Ab horizon; soils notation follows the 
FAO World Reference Base for Soil Resources [IUSS Working Group WRB, 2006]), 
representing the land-surface prior to Norse occupation, with various dark brown and 
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greyish brown sands (Bb horizons). These horizons are superimposed on a light brownish 
grey or dark yellowish brown freely draining sand (BC horizon). Above the buried soil, 
accumulation of dark brown, very dark brown and dark yellowish brown (B horizon 
materials) eroded sands separate the buried podsol from an overlying anthrosol. The 
formation of a single dark brown sandy silt loam/sandy loam surface horizon (Ap horizon) 
across the lower homefield is attributed to the long-term addition of waste materials 
associated with manuring. Topsoil within the upper homefield comprises three phases of 
manuring activity (Ap horizons) separated by thin bands of (~2 cm) of dark brown sand. 
The accumulation of deep, spatially discrete midden sediments in the lower homefield is 
attributed to processes of refuse discard. Waste deposits are also evident lining the 
irrigation channel found in the lower homefield.  
 
The site’s radiocarbon sequence was constructed from a series of small Betula and Salix 
charcoal fragments found in soil and sediment stratigraphic units across the site (Figure 5; 
Golding et al., 2011). A cautious interpretation of the site’s radiocarbon sequence was 
made given the existence of a 
14
C plateau and a pronounced 
14
C wiggle during our periods 
of interest. The earliest activity is most likely from the early to mid-11th century AD; 
activity on the Ab horizon is coincident with the onset of soil amendments creating the Ap 
horizon. Land management included the introduction of irrigation channels, possibly 
repaired during the mid-13
th
 to 14
th
 centuries, and was interrupted by two phases of land 
degradation with sand accumulating in the homefield. Midden accumulation commenced 
during the late 13
th
 century and land management is most likely to have ceased by the late 
14
th
 century AD. This is earlier than the 1408 record for the marriage at the church in mid-
fjord Hvalsey (Nyegaard, 2009-10), and certainly before the mid-15th century date given 
for the abandonment of the Eastern Settlement (Berglund, 1986). 
 
 
3. Methodology  
 
3.1 Thin section micromorphology 
 
Twelve undisturbed soil samples were collected in 8x5x4 cm Kubiena tins from five soil 
pits along a slope transect across the homefield (Figure 3). A further ten samples were 
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collected from soil pits dug through two irrigation channels and a Norse midden. Sampling 
was designed to capture the maximum range of horizons and contexts. Thin sections were 
manufactured using standard methods (University of Stirling, 2011) and were examined 
using an Olympus BX-50 polarising microscope at x10-400 magnifications. Light sources 
included plane polarized (PPL), cross-polarized (XPL) and oblique incident (OIL). Semi-
quantitative slide description followed internationally accepted terminology (Bullock et al., 
1985; Stoops, 2003) and is presented in summary tables (Tables 1, 3 and 4) together with 
images of key features, microstructures and micro-stratigraphies (Figure 6). Charcoal and 
bone abundances were quantified; a 0.5 cm square grid on acetate was superimposed on 
thin sections and the percentage abundance of charcoal/bone fragments was estimated for 
each square enabling the calculation of a mean abundance value (%) for each investigated 
context. Squares covering more than one context were excluded. Data were not normally 
distributed and contained unequal sample populations. Multiple comparisons between key 
horizons and contexts were therefore made using a Kruskal-Wallis test in association with 
a Dunn’s (post hoc) test. Semi-quantitative and quantitative data were directly assessed and 
interpreted against North Atlantic ethnographic and experimental micromorphology 
datasets of turf and domestic livestock manures, construction materials, fuel residues, 
kitchen wastes and occupation surfaces (Simpson et al., 2003; Adderley et al., 2006; Milek, 
2012). 
 
SEM-EDS analysis (Zeiss EVO-MA15 with an Oxford Instruments InCA Max 80 mm 
EDS) was used to determine macro-nutrient element composition (Mg, P, K and Ca) of ped 
fine ground mass in microstratigraphic horizons. Low vacuum conditions were used (60 
Pa) to prevent charging of the sample surface; strict operating conditions of 50 μA filament 
current, 2.525 A gun current, 20 kV accelerating voltage, and an 8.5 mm working distance 
to achieve an acquisition rate of 15 kcps, were applied to standardise the analyses. A 
polished Co standard was analysed every 2 hours to adjust for beam current drift and a 
polished dolomite standard was used for each horizon analysed to confirm the accuracy of 
the calculated absolute element concentrations. Navigation on the sample was aided by 
scanned sections and with five areas of interest (x 150 magnification) arranged in a ‘w’ 
pattern within micro-horizons. Element data from five points were collected from each area 
of interest giving 25 data points for each micro-horizon. Data are reported as non-
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normalised percentage weights. Multiple comparisons between the element loadings of key 
horizons were made using ANOVA tests in association with Tukey’s (post hoc) test. 
 
3.2 Palynology 
 
Six samples were collected for pollen analysis from the cleaned face of an open pit dug into 
the presumed midden located adjacent to the Norse buildings. The samples were spaced at 
regular (8cm) intervals and covered almost the full extent of the deposit (this being ~10-58 
cm below the modern ground surface). The pollen samples were analysed to complement 
the micromorphological analyses. It was anticipated that the pollen content could 
potentially provide information on the sources of waste that were deposited on the midden.  
 
Pollen samples were prepared and analysed according to standard procedures as outlined in 
Moore et al. (1991) and described in detail in Golding et al. (2011). Pollen samples were 
counted to a sum in excess of 300 TLP (total land pollen; collectively, the pollen from 
trees, shrubs, heaths and herbs). Microscopic charcoal in the pollen residues was quantified 
using the point count method of Clark (1982) and the charcoal data are presented on the 
pollen diagram as charcoal to pollen ratios (C:P). Principal components analysis (PCA) of 
the six pollen samples from the midden was performed using PC-ORD software (McCune 
& Mefford, 1999). Two pollen samples from the wall packing of the Inuit structure 
(Golding et al. 2011) and four late (post-AD 1250) Norse age pollen samples analysed 
from a mire located adjacent to the homefield (ibid.) – and broadly equivalent in age to 
those samples taken from the midden – were also included in the ordination for 
comparative purposes.  
 
 
4. Results and discussion 
 
4.1 Landnám soils  
 
The Ab horizon (~4 cm in thickness) is evident in homefield profiles (HP2), (HP3) and 
(HP4) (Table 1). This represents the original land surface prior to and at Norse occupation, 
comprising moderately sorted coarse mineral material beneath which are well-sorted and 
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freely drained B horizon sands. The thin organo-mineral rich nature of this former surface 
horizon is consistent with short growing seasons, but with channel microstructures 
indicating biological activity that has resulted in a well humified and stable Ab horizon. 
Charcoal fragments may indicate burning around the time of landnám (Table 2) but given 
the variability and low charcoal abundance across the former land surface this is likely to 
represent domestic hearth residues blown or washed into profiles rather than spatially 
discrete land clearance activity. Cumulative concentrations of the measured macro-
nutrients in Ab horizons (weight %; Table 2) ranges from 1.19 – 1.65%; the relative 
concentrations of the different elements fluctuate although Mg is consistently the smallest 
component.  
 
Sand deposits (~3 cm in thickness) covering the Ab horizon within homefield profiles HP1, 
HP2 and HP4 are characterised by contrasts in arrangement and abundance of coarse 
mineral material (Table 1). The HP1 and HP2 horizons are single grain micro-structured, 
well sorted and quartz-grain dominated suggesting they represent deposits of wind-blown 
sand. This is in contrast to the equivalent horizon in HP4 where microstructures are 
moderately sorted with intergrain microaggregate microstructures and are rock fragment-
dominated, indicating a colluvial origin from slope instability (Figure 6 [b]). The 
accumulation of sand and silt deposits as evidence of the initial impact of Norse settlement 
is observed elsewhere in Greenland (Massa et al., 2012) and more widely in the North 
Atlantic region where erosion is followed by a period of landscape recovery (Adderley et 
al., 2008; Brown et al., 2012). Colluvial deposits have not previously been observed in 
North Atlantic homefield stratigraphies. At Sandhavn the formation of the anthropic Ap 
horizon commenced immediately after initial impact. 
  
4.2 Homefield management 
 
The single dark brown and brown Ap horizon within the lower homefield area ranges in 
thickness from 8-18 cm and is the result of sustained additions of waste materials 
associated with soil amendment. Much of this horizon derives from uncarbonised turf, 
enhancing coarse organic material occurrences, with an attached poorly-sorted and coarse 
mineral component. Finely comminuted organic material associated with larger organic 
(turf) fragments indicates that this material was used as livestock bedding and represents 
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plaggen manuring processes (Table 3). A secondary amendment material evident in the 
lower homefield Ap horizon consists of Betula and Salix charcoal fragments indicating 
scrub-wood fuel residues. Differences in charcoal abundance between HP3 and HP1/HP2 
(Table 2), significantly more abundant in HP3 compared to HP1 and HP2 (p<0.05), may 
reflect preferential amendment of areas across the lower homefield. Mixes of turf and 
manure with the charcoals suggests that the amendment materials were composted. 
Excremental fine organo-mineral materials indicate that amendment activity led to 
enhanced biological activity. Accumulation of a well-sorted mineral micro-horizon in 
profile (HP2) suggests that amendment was taking place against a backdrop of occasional 
localised landscape instability. Cumulative concentrations of measured macro-nutrients in 
the lower homefield Ap horizons (% weight, Table 2) ranges from 0.74–0.96% and with a 
consistency in relative elemental concentrations of P>K>Ca>Mg. The contrast with the 
underlying Ab horizon is of particular interest as plaggen-type manuring generally 
improves nutrient reserves (Blume & Leinweber, 2004; Simpson, 1997). Here it is clear 
that amendment activity failed to do this, suggesting the application of nutrient-poor 
manures and turves and that amendment with the associated stripping of turf from the 
surrounding landscape would have had the effect of degrading the wider agricultural 
landscape for no discernible gain. 
 
Within the lower homefield irrigation profile (IP1) the rectangular-shaped channel structure 
is lined with silty loam typically 2-3 cm in thickness (context [6]). The channel cross-
section measures 10x15 cm and is overlain by a discrete unit of brown loamy sand (context 
[2]). As in the amended soils, Context 6 (Table 4) is derived from turf and livestock wastes, 
scrub-wood fuel residues and kitchen wastes. The distinctive vughy microstructure with 
corresponding close porphyric-related distribution indicates that this organic-rich material 
has been deliberately compacted as a channel lining designed to limit permeability to 
underlying sands. Low concentrations of measured macro-nutrients (cumulative weight % 
of 0.63%; Table 2) together with the absence of Fe-based pedofeatures in thin section, 
indicate that this material was not waterlogged for extended periods of time – 
unsurprisingly as irrigation would have been periodic. The organo-mineral, refuse-rich 
nature of context 2 and enhanced macro-nutrient reserves (cumulative weight % of 1.23%; 
Table 2) are consistent with culturally amended topsoils, and is thus interpreted as evidence 
for the continuation of manuring after the irrigation channel had fallen into disuse. The 
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occurrence of mineral micro-horizons (context 2[b]) throughout context 2 is considered to 
reflect ongoing erosion in the lower homefield during the latter stages of agricultural 
activity. This suggests that active sediment removal from the channel would have been 
required to maintain flow. 
 
Topsoil within the upper homefield area comprises three dark brown Ap horizons (Ap1, 
Ap2, and Ap3), typically 5 cm in thickness and separated by two thin bands (~2 cm) of 
sand (context [3] and [5]) (Figure 6). Amendment and biological activity in each of the Ap 
horizons is similar to the lower homefield; additionally traces of bone fragments indicate 
the application of kitchen waste (Table 3). There is a linear pattern to the deposition of 
amendment material with sequences of turf-based material and charcoal giving further 
support to the interpretation of composting prior to addition to the homefield. Charcoal is 
evident in all three Ap horizons totalling 3.2% (Ap1), 4.3% (Ap2) and 3.2% (Ap3) 
respectively (Table 2). No significant difference was found in the charcoal abundance 
between horizons with applications rates consistent over time. However, significant 
differences in charcoal content are evident between the upper and lower homefields 
(p<0.05) indicating enhanced intensity of application in the upper homefield. Together with 
the evidence of kitchen waste this implies different recipes of amendment being used in 
different areas. Evidence of enhanced amendment is reflected in cumulative concentrations 
of measured macro-nutrients (weight %, Table 2) ranging from 1.24–1.42% with 
P>K>Ca>Mg. It is also reflected in remarkable uniformity in P concentrations, mirroring 
the charcoal and bone abundances and greater than the underlying Ab horizon cumulative 
macro-nutrient concentrations of 1.19%. Here enhanced amendment activity did bring 
macro-nutrient reserves above those evident in landnám soils further emphasising the 
distinction between the upper and lower homefield areas. Within the upper homefield, 
contexts 3 and 5 (Table 3) are characterised as predominantly poorly-sorted rock fragment 
and quartz accumulations representing distinct episodes of colluvial erosion and deposition 
during the later stages of manuring activity.  
 
4.3 Midden accumulations  
 
The midden comprises a ~20 cm black sandy loam deposit (context [3]) above which lies a 
layer of very dark brown sandy silt loam (context [2]) ranging in thickness from 30 to 40 
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cm. Contexts 2 and 3 are compacted and poorly sorted (Table 4). Combinations of bone 
and burned bone are present throughout the midden ranging in abundance from 5.6% 
(context [2]) to 2.4% (context [3]) (Table 2). Similarly, charcoal was found to be 
significantly more abundant in context 2 (7.3%) than context 3 (5.5%), (p<0.05). 
Cumulative concentrations of measured macro-nutrients (weight %, Table 2) are at a 
maximum for the Sandhavn landscape at 2.33% for context 3 and 2.07% for context 2; 
relative concentrations are variable. Differences in the abundance of bone/charcoal 
fragments between contexts are difficult to interpret from our ethnographic and 
experimental data sets. However, the sediment features and properties of the Sandhavn 
midden are similar to the occupational debris associated with the later phases of midden 
accumulation at the inner fjord site of Brattahlíð, where a marked shift from debris 
including animal manures to domestic waste is observed (Simpson & Adderley, 2007).  
 
Pollen samples from the midden are displayed on Figure 7. The assemblages are near-
homogenous throughout the profile and pollen concentrations are high (in the range 
90,000-300,000 grains cm
-3
), although the standard of preservation of microfossils is rather 
poor, with c. 20% TLP recorded as indeterminate in most samples (rising to 40% in the 
basal [54-55 cm] sample). Such high frequencies of deteriorated pollen grains may indicate 
that pollen assemblages have undergone post-depositional change. This can result in biased 
counts and possibly erroneous palaeoecological interpretations (Hall, 1981). The approach 
taken in the interpretation of the samples presented here is a cautious one and the 
assemblages should not necessarily be considered to reflect a complete picture of the wider 
(natural) vegetation communities across the site during the Norse period, but rather as a 
tool for fingerprinting waste streams entering the midden. 
 
The pollen assemblages are dominated by Poaceae (grass). This pollen type approaches or 
exceeds 80% TLP in every sample and may reflect both the input to the midden of grass 
pollen contained in animal dung (cf. Buckland et al., 2009; and discussed further below) 
and the trapping of grass pollen liberated directly from local sources (e.g. the adjacent 
hayfields); the balance between these is uncertain. The pollen assemblages contain a range 
of microfossil indicators typical of Norse North Atlantic environments (Fredskild, 1988; 
Edwards et al., 2011). These include pollen from weeds of disturbed habitats (e.g. 
Cerastium-type, which is probably representative of Stellaria media [common chickweed]; 
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cf. Fredskild [1978]), and plants typical of nutrient-enriched situations (e.g. Montia fontana 
[blinks]), both of which may have been growing directly on or around the midden. The 
ordination diagram (Figure 8) indicates that there is very little difference in the overall 
composition of late Norse age (ca. AD 1200-1400) pollen assemblages across the site.  
 
Of particular interest are the coprophilous fungal spores contained within the pollen 
assemblages. Sporormiella-type (HdV-113) and Sordaria-type (HdV-55A) have been 
identified as key indicators for the past presence of grazing herbivores both around Norse 
farmsteads (Schofield & Edwards, 2011) and wider afield (e.g. van Geel et al., 2003; Gill et 
al., 2009; Baker et al., 2013). Thus occurrences of coprophilous spores might be anticipated 
in any sedimentary context into which there was substantial input of animal dung. The 
frequencies of spores registered in the midden samples from Sandhavn, however, are 
relatively low (HdV-55A and -113 rarely exceed 1% TLP in any sample). This could 
indicate that animal dung was being taken directly from the byre to be added as fertilizer to 
the homefield rather than being collected and dumped as waste on the midden. Considering 
the large quantity of microscopic charcoal and rotted bone observed in the midden, this 
suggests that the midden deposit may largely comprise kitchen or other household waste 
streams (e.g. from hearths) rather than waste bedding and dung from the byre.  
 
 
5. Conclusions 
 
The narrative emerging from homefield soil and sediments analyses at Sandhavn adds 
prospective new aspects to the novel and nuanced land resource management and 
organisation practices which are seemingly increasingly evident in the sensitive and 
changing environments of the Norse North Atlantic. These include fuel resource 
management (Simpson et al., 2003), a range of environmentally sensitive grazing regimes 
(Thomson & Simpson, 2007; Brown et al., 2011) and homefield management for barley 
and hay (Simpson et al., 2002; Adderley et al., 2008). Setting our findings from outer fjord 
Sandhavn against current understanding of landscape management in Norse Greenland, 
would indicate important new elements in the Europeanization of the Greenlandic 
landscape. The Norse community at Sandhavn inherited soils that were stable, biologically 
active and with moderate concentrations of macro-nutrient reserves, although shallow 
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rooting depths and short growing seasons restricted agricultural potential. Attempts to 
enhance the homefield soil resources included selection of wastes, composting, and 
deliberate application of different manuring recipes to different areas of the homefield. The 
effect of these contrasts in application on homefield soils is pronounced.  
 
In the upper homefield kitchen waste, turves and manure were used together with greater 
applications of fuel residues, resulting in enhanced macro-nutrient concentrations relative 
to the landnám soils. In contrast, there was substantial reduction in topsoil macro-nutrient 
concentrations in the lower homefield, where kitchen waste use was absent and fuel residue 
use was less. This is the first recorded evidence of a recipe effect in Greenland, and has not 
previously been considered in discussions of amendment practices (Buckland et al., 2009; 
Hebsgaard et al., 2009; Simpson et al., 1999). Furthermore, the use of compost materials 
along with kitchen waste as a lining for irrigation channels to reduce water loss in an 
otherwise well-drained environment is a second land management practice seen for the first 
time. This will influence calculations of required water storages and soil moisture deficits 
in Norse irrigation systems (Adderley & Simpson, 2006).  
 
Partitioned and allocated use of wastes suggests a husbanding of available resources, 
resulting in one part of the homefield becoming nutrient enhanced while another part 
suffered relative nutrient decline. These observations indicate finite resources to manage 
homefields – in terms of waste streams or worker availability for instance – and 
concentration to ensure maximum hay productivity from at least one plot. Cooling climatic 
conditions may have influenced this adaptive land management approach, with heavily 
fertilised homefields demonstrated to offset climatically-driven declines in productivity 
(Simpson et al., 2002). A less-likely scenario is that the more intensively fertilised area 
could have been managed for the cultivation of barley (Hordeum vulgare). Records of 
pollen and plant macro-remains indicate that the sowing of barley may have been 
attempted at farms situated around the (sub-continental) upper fjords (Henriksen, 2012; 
Ledger et al., 2014; Edwards, in press), but similar evidence has yet to emerge for (cooler 
oceanic) outer fjord areas, including Sandhavn.  
 
A consequence of Europeanization of the Sandhavn landscape is the persistent evidence of 
land degradation. Although this has been seen elsewhere at the landscape-scale in the 
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Eastern Settlement (Edwards et al., 2008; Schofield et al., 2010), at Sandhavn we see 
eroded soils as well as colluvial deposits directly influencing the managed homefield area. 
Sand microstratigraphies and rock fragments observed in thin section are clear evidence for 
soil erosion and slope movement in the surrounding landscape, with deposition 
immediately following first occupation. Subsequent episodes of eroded soils and colluvial 
material deposition are evident throughout the period of homefield management. New 
amendment efforts are recorded after each discernible episode of erosion, stabilising the 
land surface and creating a new agricultural soil. 
 
The outcome of Norse homefield management at Sandhavn is a sustainable intensification 
in one area of the landscape to improve fodder quality and productivity and to enhance the 
soil resource base (Pretty, 2008; Franks, 2014). As a consequence, an adjacent area is 
inferred to have continued in use, but with the soil resource base there deteriorating from 
its pre-settlement condition.  This juxtapositioning of sustainable and unsustainable land 
management is a distinctive characteristic of Europeanization at Sandhavn and gives a 
wider resonance to our study. It suggests that in a Greenlandic European agricultural 
context, where resources were limited, land management priorities were set and sustainable 
intensification could only be achieved with unsustainable land management in other areas 
of the farm. From our historical perspective, we can say that despite the general 
deterioration in climate and marked short-term climatic fluctuations in the region of the 
Eastern Settlement, evident almost from the onset of Norse settlement through to its demise 
(Kaufman et al., 2009; Vinther et al., 2010; Massa et al., 2012), the Norse community at 
Sandhavn established and maintained homefield activity during a cooling 12th century, 
expanded activity during the more substantial climate downturns of the 13th century, and 
continued to enable the intensification of grassland production into the extended cold 
periods of the 14th century until landscape abandonment (Golding et al., 2011). Our 
analyses suggest a homefield management strategy that emphasised sustainable 
intensification of soil macro-nutrients, even as other areas were being run down, and this 
provided effective and persistent agricultural resilience in the face of climatic perturbations 
for several generations of Norse settlers. Ultimately, local sustainable intensification of the 
landscape may only be as effective as the broader social framework in which it is found. 
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Figures and Tables 
 
Figure 1: Map showing the position of Sandhavn relative to other Norse farms in the outer 
fjords of the Eastern Settlement of Greenland. (Inset: the location of the Norse Eastern and 
Western Settlements in Greenland). Based on National Museum of Denmark and National 
Museum of Greenland surveys. 
 
Figure 2: View south across the lower homefield beside Norse ruin group Ø221 
(Sandhavn) with the position of the midden (M) also visible (demarcated by the dashed 
lines).  
 
Figure 3: Map showing soil sampling locations in the homefield at Ø221; the number of 
Kubiena tin samples taken from each soil profile is given in parentheses. The positions of 
archaeological and landscape features referred to in the text are also shown. 
 
Figure 4: Stratigraphy and summary soil description of homefield profiles 1 (HP1), 2 
(HP2), 3 (HP3) and 4 (HP4). The sampling locations of Kubiena tins are annotated. Soil 
texture classes: S – Sand; SL – Sandy loam; L – Loam; SSL – Sandy silt loam.  
 
Figure 5: Probability distributions of radiocarbon dates for Sandhavn (modified from 
Golding et al. 2011). Differences in shading distinguish the samples from Norse (black) 
and Inuit (grey) contexts. The three prospective phases of site activity referred to in the text 
are annotated. See Golding et al. (2011) for further details regarding the radiocarbon dates 
and calibration procedures. 
 
Figure 6: (a) Brown, organo-mineral micromass (Ab horizon, HP4); (b) Intergrain 
microaggregate microstructure (Context 5, HP2); (c) Coarse monic related distribution 
(Context 3, HP1); (d) Excremental fabric consisting of coalesced dense excremental 
microaggregates (Ap horizon, HP3); (e) Charcoal fragment embedded in a matrix of porous 
to dense excremental microaggregates (Ap1 horizon, HP4); (f) Charcoal fragments 
(Context 2, Midden); (g) Burned bone and degraded fungal sclerotium (Context 3, 
Midden), (h) Bone with clearly visible haversian canals (Context 2, Midden); (i) Irrigation 
channel lining (Context 6, IP1) with contrasting sand sub-soil beneath. All images are 
taken in plane polarised light. 
 
Figure 7: Percentage diagram displaying selected taxa in pollen assemblages from the 
Norse midden at Sandhavn (+ indicates <1% TLP). The midden contexts [2, 3] are 
described in the text (section 4.3). Four radiocarbon dates were taken through the midden 
25 
(Golding et al., 2011). These returned statistically-indistinguishable dates within the 
envelope cal. AD 1260-1410, indicating that the pollen diagram presented here spans a 
period of no more than 150 cal. years. 
Figure 8: Ordination diagram (PCA) displaying scores for late Norse age (13th-14th 
century AD) pollen samples from the midden (prefixed MID), the wall packing of the Inuit 
structure IS6 (WP), and the mire adjacent to the farmstead (M). Numbers following 
prefixes indicate the depth within the context (in cm below ground surface) from which 
each sample was taken. Pollen assemblages from the midden are presented in Figure 7, 
whilst assemblages from IS6 and the mire are published in Golding et al. (2011). The first 
two axes of the PCA (presented here) account for 44.8% of the variance within the dataset. 
Table 1: Semi-quantitative thin section micromorphology descriptions of landnám soils, 
Sandhavn, Greenland. 
Table 2: Quantitative date from thin section analyses of key soil and sediment horizons, 
Sandhavn, Greenland. Mean % abundance of charcoal and bone fragments, and non-
normalised percentage weights of measured macro-nutrients. Charcoal and bone 
abundances marked – indicate that these features are absent. Columns with mean element 
concentrations that share a superscript letter are not significantly (p < 0.05) different. 
Table 3: Semi- quantitative thin section micromorphology description of soils associated 
with homefield management, Sandhavn, Greenland. 
Table 4: Semi-quantitative thin section micromorphology descriptions of irrigation features 
and midden accumulations, Sandhavn, Greenland. 
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